The Los Alamos free-electron laser (FEL) is being modified to test a scheme for recovering most of the power in the residual 20-MeV electron beam by decelerating the microbunches in a linear standing-wave accelerator and using the recovered energy to accelerate new beam. A variable-coupler low-power model that resonantly couples the accelerator and decelerator structures has been built and tested. By mixing the TEIOI and TE102 modes, this device permits continuous variation of the decelerator fields relative to the accelerator fields through a range of 1:1 to 1:2.5. Phase differences between the two structures are kept below 10 and are independent of power-flow direction. The rf power is also fed to the two structures through this coupling device. Measurements were also made on a three-post-loaded variable coupler that is a promising candidate for the same task.
Introduction
A schematic of the Los Alamos FEL energy recovery experiment (ERX)' is shown in Fig. 1 . The beam will be accelerated by two side-coupled linear accelerators and, after passage through the FEL, some of the beam energy will be recovered by decelerating the beam in similar LINAC structures. Variable couplers will do the following: * Feed recovered beam energy from the decelerators to the accelerators * Lock the phases of the acceleration and deceleration fields to each other * Couple the structures to the power sources through a coupler-to-waveguide iris * Vary the ratio of accelerator-to-decelerator fields through a range of 't1:1 to %2:1 (that is, vary the amount of energy recovered from the beam). (1) This paper reports the results of tests made on a low-power coupler model that meets the requirements and on another coupler that is a good candidate for the same task.
Description of Variable Coupler
A schematic diagram of the variable coupler chosen and tested is shown in Fig. 2 . The coupler consists of a center cell (coupled to the waveguide through an iris) and two resonant coupling cells. The coupling cells are designed to bolt onto the standard waveguide flanges at the midpoints of the accelerators (existing) and decelerators (now being fabricated). Coupling factors between the structures and coupler resonators are kl, k2, k3, and k4 (Fig. 2) . Figure 4 shows the corresponding relative phases of the fields as the system was driven from different points. Also shown are the phases when the system was driven from the 5-cell structure and when the 8-cell structure was detuned by 150 kHz. This gives an idea of the sensitivity to tuning of the coupled system. Ee/E FIELD RATIO Fig. 4 The Q of the center cell (Qcc) was calculated from the above measurements to be Qcc = 543. This higher value confirms that the measurement of the center-cell Q gave an underestimate because of the taped slots and would account for the discrepancies between the scaled and measured values of 'c and Q'c in Table I .
Mechanical Description
The low-power test model of the coupler was made of aluminum with hand-operated tuners. Movable walls and metal inserts were used to change the aspect ratios of the rectangular cells. All coupling slots were cut in removable plates for ease in making changes.
The high-power coupler is now being fabricated. It will operate under high vacuum, and slots for vacuum 
Conclusions
The measurements on the rectangular cell coupler show the following:
* The desired range of ratios of accelerator-todecelerator fields can be achieved while keeping these fields phase-locked to %1°. * The accelerator and decelerator fields remain locked in phase regardless of power-flow direction and cavity Q (that is, they are beamloading independent). 
